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Abstract
Background-Elements of the mucosal immune system may play an important part in regulating epithelial barrier function in the intestinal tract. Intraepithelial lymphocytes (IELs) represent a subtype ofimmunocyte which is strategically placed to regulate epithelial function at most mucosal sites. Aims and methods-An IEL derived cell line (SC1) was used to examine its effects on the model epithelium T84 -a tumour derived cell line which retains the phenotype of colonic crypt cells. Transepithelial electrical resistance (TER) was used as a marker of epithelial integrity. Results-Coculture of T84 cells with SCI produced a significant fall in TER as did exposure of T84 monolayers to IEL derived supernatant. Recombinant interferon-y (rIFNy) also reduced TER in T84 monolayers. Cycloheximide prevented the effects ofIEL supernatant and ofrIFN-y on TER. The fall in TER in response to rIFN-y was attenuated by blocking antibodies, which did not alter the fall in resistance induced by IEL supernatant. Fractions of IEL supernatant, separated on the basis of size, evoked temporally distinct changes in TER. Ultrastructural studies support the hypothesis that the slow onset but severe fall in TER indicates catastrophic effects on the monolayer. The Epithelial cells represent a dynamic boundary, which, although regarded as a structural component of the innate immune system, plays a part in regulation of acquired immunity at sensory and effector levels. 1 The barrier is incomplete because macromolecules may pass between or across epithelial cells. Thus the epithelial layer has the capacity to regulate antigen access to elements of the immune system. This study examines how selected cells of the immune system, in particular the intraepithelial lymphocyte population (IEL), may regulate barrier function of a model epithelium. The intraepithelial lymphocyte population represents a specialised T cell population intercalated between epithelial cells in the human gastrointestinal tract. These cells have a distinctive phenotype, being predominantly CD3+, CD8+, and HML-1+.2 Whereas most human IELs are TCR cot3+, the proportion of -yb+ IELs is increased in some gastrointestinal disorders.4 The function of the IEL population remains unclear. It has been suggested that it represents a primitive line of defence against intestinal pathogens.' The finding that these cells utilise a restricted T cell gene repertoire provides support for such a primitive function. 6 Previous studies suggest that IELs are effector cells capable of secreting cytokines in response to stimulation through the T cell receptor or through CD2.7 Cytokines secreted by IELs include tumour necrosis factor-cx (TNFao), interferon--y (IFN-y), and the interleukins (IL) IL-2, IL-4, and IL-5 and it is suggested that IFNy and TNFot can act directly on intestinal epithelia to mediate changes in epithelial permeability and capacity for electrogenic ion transport. 8 (17) 104 (3) NS IEL (6) 97 (5) NS IELsn (24) 75 (4)*** IELsn+cycloheximide (9) 89 (6) NS IELsn<30 kDa (6) 70 (5)** IELsn>30 kDa (9) 92 (7) NS IELsn+herbimycin (9) 95 (6) NS IELsn+genistein (5) 64 (6)*** IELsn+staurosporine (5) 85 (14) *p<0-05; **p<0-01; ***p<0.001.
Exposure of T84 monolayers to IEL supernatant had no effect on transepithelial potential difference. Control and treated values respectively were -0 9 (O 5) mV and -0 1 (0 6) mV at four hours and were -2 6 (O 4) mV and -4-8 (0-3) mV at 48 hours (n=6 throughout). These low potential difference values indicate that the preparations are electrically silent during the course of the experiments.
We used a four hour pulse challenge after which the IEL supernatant was replaced with normal medium. The fall in TER (29 (2)%, p<001, n=4) over four hours was reversible and had recovered to 96 (5)% of control values 60 80 by 48 hours after the first challenge.
Coculture of T84 monolayers with PBLs dlues in
(1 O6 cells/well) also caused a fall in TER which ,onolaye72 hours was not evident after four hours of incubation solateral but was significant 72 hours after the excomplete periment began (Table) . Table) ; however, no further reduction YERS occured after this. By contrast, the fraction of basolateral supernatant containing only molecules >30 ml) of filter kDa produced a slower onset reduction in TER Forty eight to 18 (2)% of the pretreatment value after 72 Dcytes, TER hours (p<0 001; n=9; Table) with no rapid (6)O% of the change in TER, which was 92 (7)% of control n=6). This values four hours after the start of the ,er time with experiment.
)retreatment Exposure to significantly IFN-BUT NOT TNFCt REDUCES T84 TER ter, caused a Addition of IFN-y (300 ng/ml) to the basoiich reached lateral bathing medium of the T84 monolayers )retreatment resulted in a time dependent fall in TER of s after onset T84 monolayers (Fig 2A) . TER was reduced m alone was to 37 (3)% ofthe pretreatment value (p<0 001; nonolayers. n= 1 1) 72 hours after IFN-y treatment. TNFao (6 ng/ml; n=6) had no effects on TER even after 72 hours of incubation (Fig 2A) .
Neutralising antibodies to IFN-y (1 pug/ml; TER n=5) significantly altered the permeabilising effects of the recombinant cytokine on T84
72 hr monolayers but did not inhibit the effects of 96 (3) NS IEL supematant on TER (n= 16; Fig 2B) . 11 (2)*** Concentrations of TNFot and IFN-y in 12 (2)** 21 (4)*** the IEL supernatant were 0-65 ng/ml and 102 (6) NS 3-01 ng/ml respectively. Concentrations of 85 (6) NS 18 (2)*** rTNFot and rIFN-y added were about 100 14 (2)*** and 10 times greater respectively than those 25 (2)** 21 (1)*** of endogenous cytokines measured in the 20 (1)*** supernatant. challenge (Table) . Neither of the drugs altered the effects of IEL supernatant at 72 hours.
The protein kinase C inhibitors staurosporine (100 nM; n=5) and Ro-31-8220 (10 ,uM; n=5) were also ineffective in inhibiting supematant effects on TER. Ro-3 1-8220 accelerated the fall in TER, which was significantly greater at the four hour time point than in the corresponding control.
IEL SUPERNATANT DOES NOT CAUSE CELL NECROSIS
Concentrations of LDH measured in cytosol of T84 cells treated with IEL supematant (1:2 dilution in culture media) for 24 hours were not different from those in untreated control monolayers (optical density values 0-678 (0 003) and 0-661 (0 005) respectively; n=6 in each case). Benzamide (500 ,uM; n=7), an inhibitor of polyADP ribosylation -which is involved in cell necrosis -did not inhibit the effect of IEL supematant on T84 monolayer TER.
ULTRASTRUCTURE OF T84 MONOLAYERS
Electron micrographs showed monolayer preservation in control filters with maintenance of basal nuclear array and abundant microvilli ( Fig  4A) . By contrast, supematant treatment of T84 cell monolayers for 48 hours resulted in overlap of cells, although junctional complexes were, at least in part, retained (Fig 4C) .
Considerable nuclear disarray, loss of microvilli, and mitochondrial damage was also seen. These findings confirmed that structural damage occurred after incubation of T84 monolayers with IEL supernatant. The appearances at four hours were intermediate; the general architecture of the monolayer seemed to be largely conserved, abundant microvilli were still evident, but there was early evidence of nuclear disarray and mitochondrial disruption (Fig 4B) -B.
Changes in bamrierfunction of a model intestinal epithelium by intraepithelial lymphocytes However, we did not find inhibition of TER reduction by IEL supernatant in the presence of neutralising antibodies to TNFot or IFNy. IFN blocking antibody was capable of inhibiting the effects of recombinant IFN although the blockade was incomplete. As many cytokines including TNFo and IFNy are <30 kDa we used a molecular sieve to separate two fractions, which were separately tested. The results indicate that there may be two components to the IEL supernatant induced fall in TER.
Involvement of intracellular second messenger systems in T84 monolayers exposed to IEL supernatant was investigated using various pharmacological tools. Protein kinase C dependent pathways of chloride secretion in T84 cells have been extensively studied. There is much evidence that protein kinase C is a negative signalling pathway which, on activation, inhibits electrogenic chloride secretion. ' that coculture of T84 monolayers with a mucosal derived T lymphocyte cell line produced an impairment in epithelial barrier function which seemed to require direct lymphocyte apposition to epithelial basolateral membranes. Furthermore, they showed that such cell to cell contact produced soluble factors which were used to influence directly the barrier function of naive T84 monolayers. Our experiments show a similar lymphocyte evoked fall in TER in a coculture model in which cell to cell contact was not a feature. However, there are some significant differences between this and other studies both in technical approach and in conclusions reached. Our measurements permitted time course evaluation using multiple measurements on a single filter rather than selecting a single time point for evaluation. With the modified technique we have identified temporally distinct phases in the fall in TER. In experiments using coculture, the onset of the TER response was rather slow. By contrast, IEL supernatant produced a rapid onset fall in TER which was significant within four hours and this may be due to differences in concentrations of the secreted factor(s) at the epithelial cell receptor site. These data are consistent with the fall in TER being dependent on de novo synthesis of factors by the activated IEL population.
IFN-y is a candidate messenger substance which has been reported to produce reductions in T84 barrier function. Recent studies9 concluded that IFNy alone could not account for the changes in coculture experiments. Our preliminary results indicate that IFNy did not contribute to the initial rapid reduction in TER although IFN-y was capable of inducing a delayed fall in TER in T84 cells. We do not think that IFNy is the principal factor contributing to the second phase reduction in TER induced by IEL supernatants. Firstly, the time course for IFN-y induced reduction in TER shows that the reduction in TER is not evident for at least 48 hours by which time a near maximal reduction is evident in monolayers exposed to IEL supernatant. Secondly, neutralising antibody which significantly attenuated the effects of recombinant IFN was without effect on the late phase response to IEL supernatant. Finally, concentrations ofIFN-y measured in the supernatants were much lower than those with which we showed a direct effect on TER. In agreement with a previous study30 we found no significant effect of TNFcx on epithelial barrier function, even at concentrations of TNFo which were much greater than those measurable in IEL supernatant.
Cell to cell signalling mechanisms remain to be identified. Our results with cycloheximide indicate that the two components of the response we describe are each dependent on protein synthesis by the epithelial cell. Cycloheximide alone did not affect the barrier function of confluent T84 monolayers over the time period of our experiments. In a four hour pulse experiment, the immediate TER reduction recovered completely within 48 hours of removal of supernatant. The IEL supernatant evoked fall in TER was not altered by benzamide, an inhibitor of ADP ribosylation which is causally associated with cytokine induced cell death.3' We found no change in LDH concentratons associated with the more dramatic fall in TER which occurred over the longer time period in response to continuous challenge with supernatant. A previous study32 has shown that TNFa and IFN-y must be released simultaneously by activated mucosal T cells to kill cells of the human colonic epithelial line HT29. We did not examine reversibility of the changes in TER evoked by 72 hour exposure or of the morphological changes. It will be interesting to investigate specific mechanisms by which IEL derived components influence epithelial integrity.
Changes in epithelial cell ultrastructure parallel those associated with human pathology of coeliac disease, which is thought to be a T cell mediated condition. In coeliac disease, the epithelial layer is characterised by early loss of microvilli, subsequent loss of epithelial polarity, and development of nuclear disarray; changes strikingly similar to those found in T84 monolayers after treatment with IEL supematant. Because the earliest response to wheat protein in coeliac disease is the influx of IELs, it is conceivable based on current data that changes in coeliac small intestine are mediated by factors secreted by IELs.
Simple modelling of the interactions of mucosal cell types represents one approach to studying the immunophysiology of the gut. This reductionist method, in the absence of humoral factors, extrinsic and intrinsic nerves, and the complex native architecture, provides a method with which to examine paracrine regulation of epithelial cell structure and function. We have shown two effects of IEL derived substance(s) on TER across T84 monolayers. The first of these, which was reversible and not associated with gross structural change, may represent alteration of the normally tight epithelium to an immune accessory state19 which is relatively permissive to antigen and cellular trafficking between the luminal and lamina propria domains. The later, more severe alteration in epithelial resistance which is coupled with structural damage may represent catastrophic effects normally associated with severe mucosal inflammatory conditions. Although the role of these specialised lymphocytes is still incompletely understood,34 our findings may have relevence to a dual role in IEL regulation of epithelial function. Future studies will examine whether IEL derived products regulate permeability of model epithelia to a range of selected macromolecules. 
